Abstract. Porcine epidemic diarrhea virus (PEDV) LJB/03 was isolated from the fece of piglets infected with PEDV on a pig farm, Heilongjiang province, China. The M gene of LJB/03 was amplified from the RNA extracted directly from the fece samples by RT-PCR and cloned into pMD18-T vector. The M gene cDNA was sequenced and encompasses an open reading frame of 681 nucleotides, encoding a 226-amino acid protein. The LJB/03 M gene has a base composition of 152 adenines (22%), 153 cytosines (23%), 161 guanines (24%), and 214 thymines (31%). Sequence comparison with other PEDV strains selected from GenBank revealed that the LJB/03 M gene has a high sequence homology to those of other PEDV isolates, 97.80% with JMe2, 96.92% with KPEDV-9 (Korean field isolate), 97.36% with KPEDV-9 (Korean), 97.80% with Br1/87, and 97.94% with CV777. The encoded protein shared 97.79% amino acid identities compared with CV777, 97.35% with Br1/87, 97.79% with JMe2, 96.90% with KPEDV-9 (Korean field isolate), 96.46% with KPEDV-9 (Korean). Sequence analysis of the M gene, including genetic distance measurement, phylogenetic tree analysis, and residue substitution analysis, showed that all other PED viruses analyzed fell into three groups, and the LJB/03 itself branched in an independent group. These data revealed that the M gene nucleotide sequence of LJB/03 has some mutations in comparison with the other PED viruses.
Introduction
Porcine epidemic diarrhea (PED) is a highly contagious, enteric disease of swine characterized by vomiting, dehydration and a high mortality in piglets [1] [2] [3] [4] . The mortality can be high up to 90% in 1-2 weeks old piglets [5] [6] [7] . Pigs of all ages are susceptible to the disease. PED was first reported in England in 1971 (8) . Since then, the disease was reported in several pig farming countries, such as Germany, Canada, Japanese, Korea, France, Belgium, Switzerland, etc. [9] [10] [11] . In 1976, the disease was first reported in China (12) , and it has become one of the severe viral diarrhea diseases that lead to a severe economic loss in pig farming. Therefore it is important to prevent and control the disease. However, because of the similarity between PED and transmissible gastroenteritis (TGE) in clinical syndrome and pathology, there has no effective diagnostic methods to distinguish one from another accurately, and there also has no effective vaccine developed to prevent the disease in China.
Porcine epidemic diarrhea virus (PEDV), a coronavirus different from TGEV, is the etiological agent of entero-pathogenic diarrhea in pigs [13] [14] [15] [16] . It possesses a positive-sense, single-stranded RNA (5, 17) . Viral proteins such as spike S (180-220 kDa), membrane M (27-32 kDa) and nucleocapsid N (55-58 kDa) [17] [18] [19] [20] are translated from its subgenomic mRNA. The M protein is a structural membrane glycoprotein. It plays an important role in the assembly process of viral nucleocapsid and membrane. The M glycoprotein can neutralize anti-M antibody with the present of complement (3) . It also can stimulate the production of -interferon (IFN). Therefore, the M gene will be an ideal candidate for cloning and expression in the development of genetically engineered vaccines to prevent PED. However, no nucleotide sequence of PEDV strains isolated in China has been reported until now. The aim of present study was to determine the complement nucleotide sequence of the PEDV M gene.
In this study, the RNA of PEDV was extracted directly from the fece samples of piglets naturally infected with PEDV LJB/03. The M gene has been cloned, sequenced and compared with other PEDV strains. These data are useful for further the study of molecular biology of PEDV strains that are prevalent in China.
Materials and Methods

Virus strain
The PEDV LJB/03 was collected from the fece of piglets suffering from severe diarrhea in HeiLongJang, China.
RNA Extraction
The fece sample was diluted 1-10 in a disruption buffer (500 mM Tris-HCI [pH 8.3], 2% (w/v) PVP-40, 1% (w/v) PEG6000, 140 mM NaCl, 0.05% (v/ v) Tween 20), vortexed, incubated at room temperature for 10 min, and centrifuged using a Beckman F3602 rotor at 2000 · g at 4°C for 5 min. The supernatant was removed and used for the extraction of the viral RNA using the Trizol reagent (Invitrogen USA) as the manufacturer's instructions.
Primers for RT-PCR
A pair of oligonucletide primer was designed to amplify the gene coding for the M protein of PEDV. The primers were chosen by the analysis of CV777 and Br1/87 sequences available in GenBank. The sense primer PC and antisense primer PD were 5¢GGCGAATTCAATATGTCTAACG GTTC3¢ and 5¢ CGCGTCGACCCATAAAGTTT CTGTT 3¢, respectively.
RT-PCR
The first strand cDNA of the M gene was prepared by using a Superscript reverse transcriptase reagent kit. The Viral RNA (7 ll) was mixed with 1 ll of 50 pM of the antisense primer and 1 ll of 10 mM dNTP, Incubated at 65°C for 5 min, and then placed on ice for at least 1 min. After that, 2 ll of 10 · RT buffer, 4 ll of 25 mM MgCl 2 . 2 ll of 0.1 M DTT and 1 ll of RNaseOUT TM recombinant RNase inhibitor (4 U/ll) were added mixed gently and incubated at 42°C for 2 min. Superscript reverse transcriptase (50 U) was added to initiate the reaction at 42°C for 50 min. The reaction was terminated by heating at 70°C for 15 min, and chilled on ice. RNase H (1 ll) was added to degrade RNA template for 20 min at 37°C prior to PCR amplification.
PCR was performed in a 50 ll volumes containing 10 ll of the first-strand cDNA template, 5 ll of 10 · PCR buffer (100 mM Tris-HC1 [pH 8.3], 500 mM KC1), 4 ll of 25 mM MgCl 2 , 4 ll of 2.5 mM dNTP mixture, 1 ll of each 100 pM sense and antisense primers, and 0.5 ll of Taq DNA polymerase (5 U/l1). The PCR parameters are 5 min at 95°C, and 30 cycles of 1 min at 95°C, 90 s at 58°C, 90 s at 72°C, and a final extension time of 5 min at 72°C. The PCR product was visualized by gel electrophoresis (1% agarose gel containing 0.8% lg/ml ethidium bromide).
Cloning of cDNA
The RT-PCR production were purified using a Gel Extraction Mini Kit (50) (Watson Biotechnologies. INC) according to the manufacturer's instructions. The purified PCR product corresponding to the M gene was cloned into the pMD18-T plasmid DNA vector (TaKaRa Biotechnology (Dalian) Co.Ltd.) and the recombinant plasmid named pMD 18-T-M. The recombinant plasmid was used to transform competent Escherichia Coli TG1 cells by heating at 42°C for 90 s. Luria bertani (LB) medium (1%NaCl, 0.5% yeast extract, 1% tryptone) was added to the cells and shaked at 220 rpm for 1 h, at 37°C. X-gal was added to 40 lg/ml and isopropylthio-b-galactoside to 20 lg/ml (GIBICOBRL). The transformed cells were spread onto LB agar plates (GIBICOBRL) containing 50 lg/ml ampicillin and incubated at 37°C overnight. A white colony was cultured in LB broth supplemented ampicillin (50 lg/ml) overnight with shaking at 37°C. The recombinant plasmid DNA was extracted by alkaline-lysis (21) and verified by using restriction enzyme digestion, PCR and electrophoresis in 1% agarose ( Fig. 1  and Fig. 2 ).
Sequencing
The nucleotide sequence of the M gene in pMD18-T-M was determined by TaKaRa Biotechology (Dalian) Co.Ltd.
Nucleotide Sequence Accession Number
The complete nucleotide sequence of the PEDV LJB/03 M gene has been deposited in the GenBank Database and was assigned an accession number AY608890.
Sequences Analysis
Comparison and phylogenetic analysis of the nucleotide sequences and deduced amino acids of the LJB/03 M gene with those of other PEDV strains was performed with DNAman and Lasergene softwares.
Results
Cloning of PEDV M Gene
Using the primers of PC and PD which are specific to M gene of porcine epidemic diarrhea virus, an RT-PCR product of approximate 0.7 kb was amplified and cloned into pMD18-T, The recombinant plasmid thus constructed, designated pMD18-T-M, was used as a template to determine the M gene sequence.
Sequence Analysis
Sequence analysis indicated that the nucleotide sequence of the entire M gene ORF was 681 bases in length and had a base composition of 152 adenine (22%), 153 cytosine (23%), 161 guanine (24%), 214 thymine (31%), and a GC content of 47%. Sequence comparison with other PEDV strains revealed that the nucleotide sequence of the LJB/03 M gene is highly similar to those of other PEDV strains, having a homology of 97.80% with JMe2, 96.92% with KPEDV-9 (Korean field isolate), 97.36% with KPEDV-9 (Korean), 97.80% with Br1/87 and 97.94% With CV777. The encoded protein shared a 97.79% amino acid To analyze the phylogenetic relationships of LJB/ 03 with other PEDV strains isolated in various parts of the world, we constructed a neighbor-joining phylogenetic tree using the M gene sequences. A representative minimal tree for the M gene was shown in Fig. 3 . The six PEDV strains were seperated into three groups. One of the three groups consisted of JMe2, KPEDV-9 (Korean field isolate), and KPEDV-9 (Korean). The second group consisted of CV777 and Brl/87. The LJB/03 isolate described here formed the third group.
Discussion
The genome of PEDV consists of a single molecule of positive-sense, single-stranded RNA of 27-32 Kb in size. There are several ecoding regions in which one or more ORFs are identified. The M protein is a structural membrane protein and plays an important role in the reaction of neutralization and viral assembly process. It has become one of the candidate proteins used for the development of reagents for serological diagnosis of PED.
In this study, we have successfully cloned the entire M gene of LJB/03 and determined its nucleotide sequence. The M gene has a ORF of 681 nucleotides coding for a 226-amino acids protein. Sequence comparison with other PEDV strains selected from GenBank revealed that the M gene of LJB/03 was highly conserved among various PEDV strains, which provides a theoretical basis for the use of the M gene as a target sequence to develop a nucleic acid-based test for the diagnosis of PEDV infections.
Evolutionary relationship was analyzed by construction of a neighbor-joining phylogenetic tree in this study. The PEDV strains selected for the analysis formed three groups of evolutionarily related viruses. The LJB/03 isolate was separated from the other PEDV strains and formed an independent group. These data indicated that there has some silent mutations in the M gene sequence of LJB/03. In conclusion, this report represents the first study of the molecular biology of a PEDV strain isolated in China.
